Purpose -The purpose of this paper is to examine the effect of the intensive lifestyle modification program on weight and metabolic syndrome risk reduction in rural obese women who have no underlying non-communicable diseases in Thailand. Design/methodology/approach -A randomized controlled trial was conducted. In total, 60 healthy obese women aged 30-50 years were recruited and randomly assigned to either the intervention (n ¼ 30) or control (n ¼ 30) group after health screening. Tailored nutritional counseling, health education and exercise training were included in the lifestyle modification program. Behavioral modification techniques were also incorporated. The intervention was conducted weekly for the first eight weeks, then biweekly until week 16.
Introduction
Obesity is a global public health problem [1] . In Thailand, the prevalence of obesity has been increasing at an alarming rate in all life stages [2] . The prevalence of obesity has been reported [3] to be high among women aged 30-44 years (44.2 percent) and 45-59 years (50.6 percent) in Thailand. Also, obesity is positively associated with lower education levels [4] , particularly in rural areas [5] .
Excess visceral fat often found in obesity is associated with metabolic syndrome, type 2 diabetes mellitus, hypertension, coronary artery disease, and stroke [6, 7] . The larger the amount of visceral fat accumulation, the greater the risk for developing metabolic syndrome and other diseases [8, 9] . Modest weight loss can improve metabolic parameters and prevent non-communicable diseases [10, 11] . In rural municipal areas, the prevalence of obesity in women was high [5] although they could receive health information about obesity and management from health care centers and other information sources in Thailand. Weight loss is difficult because it is associated with habits, attitudes, and cultural norms [12] . In general, behavior modification programs combined with health education based on a health belief model [13] can enhance practical lifestyle modification skills compatible with individual contexts for managing weight [14] because individuals might make decision to change positively once individuals perceive their risk and severity of the risk threatening their life. Also, they are likely to act when they perceive that their changes gain more benefits and are able to do it [13] . Health belief model focuses on individual's health concerns, and it is suitable for adults because they can decide to improve their health based on their health perception [13] . Thus, any behavioral modification intended to result in weight loss should be compatible with the individual's practical aspects of their lifestyle and contexts over the long-term.
The purpose of the study was to examine, on the community level, the effects of the intensive lifestyle modification (ILM) program (including proposes health education based on a health belief model components and linkages [15] , counseling, and exercise training) on weight and metabolic syndrome risk reduction in obese women in rural areas in Thailand.
Materials

Study design and research settings
A randomized controlled trial was conducted for 16 weeks between March and July 2014 among women with a low education in rural area, Khon Kaen Province, Thailand. Three study sites were chosen: primary health care centers in municipal areas with similar population sizes, basic health services, and convenient food access.
Participants
Potential participants were initially screened from each health center database of the Java Health Center Information System during 2013 with approval of the Ministry of Public Health. In two-week recruitment before implementing the program, those participants in all villages under the responsibility of each primary health care center obtained information about the program objectives and procedures benefits, risks and criteria of the recruiting participants via local village radio announcements, village health volunteers, and notice boards in the village. In total, 220 participants were assessed for eligibility (82 from primary health care center 1, 73 from center 2, and 65 from center 3). Inclusion criteria were females, aged between 30 and 50 years, having normal menstrual periods, body mass index (BMI) ⩾ 27.5 kg/m 2 , no chronic diseases, no history of drug use, no pregnancy, no breastfeeding, and no other weight loss program participation. A sample size was calculated using the test of difference in two independent means [16] . A minimum of 24 participants in each group was determined using triglyceride based on previous similar study [17] . We adjusted it to fit with our sample area by using mean and standard deviation of triglyceride for the intervention group as 155.0 and 9.50 mg/dl and the control group as 165 and 11.50 mg/dl, respectively, power 90 percent, type I error (α) 0.05, effect size 0.9 and ratio (r) 1. 60 participants were randomly chosen at each group in 1:1 ratio: 30 were randomly assigned to the ILM program and 30 were randomly assigned to be the control group. In all, 30 participants at each group allowing for 20 percent of the drop-out rate (Figure 1 ).
ILM program
Following an initial survey, an ILM program was designed to fit with the individual's circumstances. This new program was developed based on the theory of the health belief model components with linkages [15] , which suggests that an increase in health awareness fosters a positive health impact. The program was designed to focus on the individual's health concerns and self-efficacy and help them recognize their susceptibility to obesity, its co-morbidities, and its potential life-threatening severity. Expectantly, individuals would change their lifestyles when they perceive the benefits of positive lifestyle changes, particularly with regards to diet and physical activity. The model aims to increase health concerns and provide them with confidence to overcome any perceived barriers via counseling, 220 women with obesity seen at the three health care centers Intensive  lifestyle  modification  program health education, and exercise training. Motivational interviewing was employed to inspire the participants to adhere to the recommended diet and exercise regime [18, 19] . Concept of the health education preparation and exercise regime in this study were partially modified from a diabetes prevention program, health education session preparation and brisk walking ⩾150 minutes per week [20] . Behavioral modification techniques were also employed accompanied by counseling, health education, and exercise training. These behavioral modification techniques included: first, mutual goal setting and commitment; 5 to 10 percent of weight loss; second, monitoring; weekly weight measurement, weight loss monitoring graph record and food and physical activity tracker record; third, peer support; sharing experiences of weight loss practices and of feelings among the program members; fourth, reinforcement; positive feedback and encouragement; and fifth role model; the healthy weight of the health professional. The program was implemented for 16 weeks during the summer. The intervention consisted of 12 sessions, once a week for the first eight weeks and then every two weeks until the 16th week. Each session included 9 to 11 participants and lasted 90 to 120 minutes including 30-45 minutes of exercise. Importantly, each session was conducted in the community by a health professional who was a role model in healthy weight loss (69 to 59 kg in four months), and a trained preparation assistant. At the end of each session, participants received a small sample of healthy food that included fresh fruits and low fat milk. There were three main components of the intervention conducted including tailored nutrition counseling, health education and exercise training.
The first component was a tailored nutritional counseling [21] with motivational interviewing [18, 19] for establishing a client-centered counseling style. This component aimed at increase in understanding about individual energy requirement and expenditure. The motivational interviewing concept was employed to motivate the participants to maintain the required 1,200 ± 200 kcal/day balanced diet depending on their body demand and agreement, to increase physical activity and to maintain a minimum of 150 minutes/week of moderate exercise. The counseling focused on issues related to the individual's risk factors, the health screening and laboratory results, existing health problems due to obesity, positive health impacts from weight loss, negative energy balance methods, individual eating and the physical activity recommendations. This tailored nutrition counseling was provided for 20-30 minutes following an extra appointment during the first week of the implementation one time for each participant. They could ask for special appointment for an extra counseling session as needed. Then, 3-5 minutes of counseling was provided to assess the participants' practices during each session relating with weekly daily food and physical activity tracker records kept by participants.
The second component was health education based on the health belief model components and linkages aimed at increasing the severity, susceptibility and threats regarding obesity and health, understanding benefits and barriers relating to weight loss, increasing individual's ability regarding diet and exercise and stimulating cues to lose weight. The health education was also delivered by using flexible and diverse teaching methods for adults to maximize the learning process. The core health education included four parts: discussing obesity and its co-morbidities, linking obesity and its co-morbidities, metabolic syndrome definition, health impacts from lifestyle modification, energy balance concept and the food exchange list at weeks 1, 5, and 9; discussing energy intake assessment, demonstrating healthy cooking and calorie counting to support self-efficacy and sharing experiences of weight loss at weeks 2, 6, and 10; discussing the causes of obesity and its co-morbidities, the obstacles of lifestyle modification, importance of exercise and avoidable food and sharing weight loss practices and solutions at weeks 3, 7, and 11; and discussing eating out strategies, food labels and sources of sodium and sharing methods of stimulus control and self-motivation at weeks 4, 8, and 12. Repeated sessions helped clarify and fulfill group discussions regarding complex and ambiguous contents provided. In addition, an educational manual and pamphlets about metabolic syndrome, exercise, calories in food, food exchange list, and low calorie diet were given to all participants.
The third component included an exercise training session conducted with popular songs to increase individual's ability in performing exercise. At the end of each session, the participants performed 20 to 25 minutes per session of moderate intensity exercise, including 5 minutes of warm up steps, and 15 minutes of resistance band training involving 10 to 15 repetitive movements of each gross muscle followed by 5 minutes of cool down steps. All exercise trainings were led by the health professional to demonstrate the correct procedures, motivate the participants, and modulate the exercise level to increase the heart rate to a maximum of 50-69 percent [22] which was about ⩽125 beats/minutes relating to the maximum heart rates assessed in the intervention group 74 beats/minutes. The participants were supervised to plan and perform accumulative exercise at moderate intensity (⩾10 minutes/session) for at least 150 minutes/week along with resistance exercise at least twice a week.
Outcome measures
Assessments including anthropometric indices, blood pressure, fasting blood sugar, triglyceride, high density lipoprotein cholesterol, food and physical activity records, and questionnaires were performed by trained nurses at baseline and the 16th week in each of the three communities.
Anthropometric indices and metabolic syndrome components
Height was measured without shoes. After a 12 h overnight fast, body weight was measured with a high precision digital scale (Zepper, TCS-150L, China). BMI was calculated from body weight (kg) divided by the height squared (m 2 ). Body fat, visceral fat, and fat-free mass were measured by bioelectric impedance analysis (Omron Karada Scan Body Composition and Scale, HBF-361; Omron, Japan). Waist circumference (WC) was measured midway between the lowest rib and the iliac crest. Blood pressure was measured in a sitting position with an automatic digital sphygmomanometer (Omron Automatic Blood Pressure Monitor, SME-1) after resting for at least 15 minutes. The average of two readings with o5 mmHg differences taken at a 1-minute interval was used. Blood samples were obtained and transferred in an ice box to the clinical laboratory at the Health Promotion Hospital Center, Khon Kaen Province within 1 h.
Energy and nutrients
Each participant kept food records for three days including two weekdays and one weekend day. They were trained in this process and given a food record manual. Energy and nutrients were calculated using the NutriSurvey program and the food composition database provided by the Nutrition Division, Ministry of Public Health, Thailand[23].
Knowledge, attitude, and physical activity
The questionnaires of knowledge of obesity and health and attitude toward lifestyle modification were developed by the authors. The validity of the questions was approved by a panel of experts in nursing science and nutrition. For the knowledge part, the difficulty and discrimination of each calculated item were 0.2 to 0.8 and W0.2. The reliabilities of 18 knowledge and 22 attitude items calculated using the Cronbach's α were 0.836 and 0.841. In the knowledge part, the participants received 1 point for correct answers and 0 for either a wrong or "I don't know" answer, and the knowledge scores were ⩾80 percent, 70-79 percent,
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Intensive lifestyle modification program 60-69 percent, and o60 percent of the total scores [24] . A five-score scale in the attitude part varied from strong disagreement (1 score) to strong agreement (5 scores) for positive statements [25] . These scores were inverted for negative attitude statements. For physical activity, a habitual physical activity record log with a specific time of 1 week was kept by each participant. The average physical activity in metabolic equivalent of task (MET) was estimated following the Compendium of Physical Activities, an update of activity codes and MET intensities [26] . The individual's MET was calculated following the Guide to the Assessment of Physical Activity [22] .
Statistical analysis
Statistical analysis of data was conducted using the Statistical Package for Social Sciences Version 16.0. Data were analyzed following statistical rules. Kolmogorov-Smirnov and Levene's test were performed for normal distribution and homogeneity evaluation of data before using comparison statistics. Paired t-tests and Student's t-tests were used to compare the difference within and between the groups for continuous variables, respectively. The χ 2 test was used for comparisons of categorical variables. The relative risk of developing metabolic syndrome for the intervention group compared with the control group was also computed by using univariate logistic regressions. A p-value of o 0.05 was considered significant.
Ethical considerations
The study was approved by the Ethics Committee of the Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand (MUTM 2014-009-01).
Results
A Kolmogorov-Smirnov showed the sample data were normally distributed ( p W0.05), and Levene's test was used to verify the equality of variance before determining Student's t-test.
Characteristics of the participants
In total, 59 women were retained (dropout rate 1.67 percent). The participants had an average age of about 42.68 years (SD ¼ 5.24, max/min of age ¼ 30/50), average BMI 32.37 kg/m 2 (SD ¼ 3.81), mostly farmers with literacy levels at an elementary level, and relatively low income. Their physical activity was at a light level, 1.6-2.9 METs [22] . All baseline characteristics of the intervention and control groups showed no significant differences (Table I) .
Changes in anthropometric indices and metabolic syndrome components
The intervention group showed significant improvement in anthropometric indices while the control group displayed only slight improvement regarding body weight, BMI, and WC. The magnitudes of the changes in anthropometric indices in the intervention group were significantly greater than those in the control group. Mean weight loss was 7.6 kg (10.2 percent) in the intervention group and 0.7 kg (0.9 percent) in the control group. Most metabolic syndrome components, except triglyceride and high density lipoprotein cholesterol, showed significantly greater improvement in the intervention group than in the control group (Table II) .
Changes in energy and nutrients
At baseline, there were no statistical differences in energy and nutrient intake between the groups (Table III ). An average amount of energy (1,920 kcal/day) consumed by the participants was high in relation to their physical activity ("light level" in Table IV ) and small body structure. At program completion, the energy intake had significantly decreased from its baseline in the intervention group, but this was not seen in the control group.
The changes that occurred met the Thai Dietary Reference Intake, 2003 [27] guidelines for essential nutrients. In the control group, there was significant change for protein and fat.
Changes in knowledge, attitude, and physical activity
The average knowledge about obesity and health, attitudes toward lifestyle modification, and physical activity of the participants at baseline showed no significant difference between the groups. Their average knowledge scores were low and their attitude tended toward strong agreement. Their physical activity was also at a light level. At the program completion, the mean scores of knowledge, attitude, and physical activity for the intervention group showed statistically greater improvement than the control group. Their average knowledge scores were 15.9 out of 18.0 indicating W80 percent of the total scores. Also, there was an improvement of 5.8 scores in the intervention group compared with only 1.8 scores in the control group with a p-value o0.001 (Table IV ) .
Changes in percentage and relative risk of metabolic syndrome
Metabolic syndrome criteria following the National Cholesterol Education-Adult Treatment Panel III (ATP III) of the Asian WC cutoff points were used to categorize the participants [28] . Table V shows that the number of participants with ⩾3 abnormal metabolic syndrome components in the intervention group was statistically lower than that in the control group at the program completion. Hence, the percentage of metabolic syndrome decreased in the 
Discussion
The substantial improvements in all the anthropometric indices and most of the metabolic syndrome components in the intervention group imply that the ILM program was effective. The effective weight loss in this study was 10.2 percent greater than in previous studies because those involved longer lifestyle modifications that required several specialists and thus, implying higher cost-effectiveness to achieve high weight loss. Pettman et al. [29] investigated weekly health education (2 h) for 16 weeks and an exercise instruction session (1 h) conducted by a study coordinator and an exercise instructor, which led to a 2.4 percent weight loss, and Tsai and Felton [30] used 12 individual counseling sessions (20 to 30 minutes) with portion-controlled food conducted by a lay-trained counselor and managed to produce a 6.5 percent weight loss after six months. A six-month therapeutic lifestyle modification study conducted by a community health nurse included 60 sessions of health monitoring (5 minutes/session), health education (20 minutes), exercise performance (40 minutes 3 points (70-79 percent), ⩾14.4 points (⩾80 percent); b total scores (5); 1 (strong disagreement) to 5 scores (strong agreement); c Physical activity intensity in METs; 0-1.5 (sedentary), 1.6-2.9 (light), 3-5.9 (moderate), ⩾6 (vigorous). *po 0.05; **p o0.01; ***p o0.001 
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Intensive lifestyle modification program restricted diet (time not available), and resulted in weight loss of 6.5 percent after three months and 8.1 percent weight loss after six months [17] . The strategies used in previous studies for weight reduction have involved a range of different activities similar to this study including nutritional counseling, health education, motivational interviewing, exercise training, and behavioral modification techniques [31] [32] [33] . The effectiveness of any program involving a combination of activities, and interventionists must be to maintain the motivational level over obstacles [34] . The interventionists in many studies were generally the health profession [17, 29, 30] but had no real experience as weight loss achievers mentioned. In our study, the interventionist was not only a health professional but also a successful weight loss achiever who acted as a powerful cue to stimulate the participants to accept and conform to the program recommendations. In addition, previous diverse experience of the health professional also helped solve a problem of multidisciplinary health care team inadequacy. The significant weight loss in our study displayed significant improvements in BMI, WC, waist-hip ratio, body fat, visceral fat, and fat-free mass. Compared with previous studies [29, 35, 36] , the magnitudes of the changes observed in our study were greater because of the congruent program activities implemented by the health professional which aimed at losing weight by improving the individual's health concerns and confidence. The tailored nutritional counseling and the exercise regime allowed for the individual's unique needs to manage their health in a way that was relevant to their changing contexts, the geographical and socio-economic situations, and individual contentment. Furthermore, life safety and positive changes during weight loss were always affirmed by the health professional to support confidence.
Most participants had completed their primary education. However, they could increase their knowledge score level from 60 percent at the baseline to 80 percent at the end line and correctly estimate energy intake by following the food portion numbers. This individualized approach allowed for the needs and perceptions of the participants to be realized and stimulated, and thus strengthened their efforts to achieve the dietary and physical activity targets [37] . Using the health belief model and linkage [15] could increase individual perceptions of obesity and health and maintain confidence in eating and exercise modification. This model was effective in behavioral modification and in adherence rate (98.33 percent); the participants perceived not only their own risk and its severity, which could be life threatening, but also their ability to overcome diseases or obstacles. Health concerns have been reported to continually increase [38] as well.
The health professional was also perceived not only as a powerful cue for actions but also as a role model in weight loss. Thus, the participants endeavored to change themselves, which led to a significant decrease in energy intake and an increase in physical activity. A positive role model can inspire changes in target behaviors of individuals [39] . This has been attributed to health education, tailored nutritional counseling, and exercise training conducted by the interventionist whose skill can influence weight reduction [40] . Practical knowledge and encouragement were disseminated clearly by the health professional's directed weight loss experience. Consequently, the increased knowledge of obesity and health, attitude toward lifestyle changes, and physical activity improved significantly. These led to intended weight loss practice following the program recommendations and significant weight improvement.
An increase in intended weight loss was reported to produce more positive health impacts, and the sources of cytokine and inflammatory factors were diminished [41] . Also, a decrease in fat accumulation, particularly abdominal fat has resulted in greatly improved insulin sensitivity, dyslipidemia, and blood pressure [7, 42] . In our study, fasting blood glucose in the intervention group (95.0 mg/dl) was reduced significantly into the preferable fasting blood glucose range. This was related to improved insulin resistance, which was secondary to effective weight reduction [32] . Previous studies showed the greater the weight loss, the greater the improvement in insulin resistance owing to the decrease in visceral fat and WC [7, 9, 32, 35] .
However, the improvements in triglyceride and HDL-C levels were insignificant in this study. Similarly, previous studies showed statistical improvement of anthropometric indices, but not in HDL-C and triglyceride [17, 43] . In studies with short to intermediate periods of lifestyle modification [34, 35] , a small HDL-C change was consistently seen after active calorie restriction and physical activity of moderate intensity [44] . This calorie-restricted diet led to disruption of HDL-C production in the short term, but HDL-C levels later returned in the weight maintenance phase [44] . Therefore, a slight decline in HDL-C was not surprising [34] . In triglycerides, the high baseline levels decreased to normal levels after week 16 in the intervention group, although our research showed no statistical improvement. The lack of statistical improvement might be due to the high carbohydrate intake of the eating culture in Northeastern Thailand; this involves a high glycemic index diet including glutinous rice two to three times per day [45] . A high glycemic index diet has been reported to contribute to higher triglyceride levels [46] . In contrast, a lower glycemic index diet was significantly associated with lower triglyceride and higher HDL-C levels [47] . Additionally, low physical activity was positively associated with triglyceride because the body was unable to reduce triglyceride to normal levels [48] . In this study, although most participants performed moderate exercise at 150 minutes/week, their physical activity remained at a light or even sedentary level (⩽3 METs) [22] , which might indicate a slow decrease in triglyceride.
Our study showed blood pressure was lowered in non-hypertensive participants to an optimal level. The non-hypertensive participants showed reductions of 7.4 and 5.2 mmHg in systolic and diastolic blood pressures, respectively. Blood pressure improvement is reported to be sensitive to weight reduction, which was a main factor in blood pressure regulation [49] . This study was more effective than previous studies and is most likely due to the differences in the underlying theory, course content, interventionist qualification and program implementation.
Unexpectedly, with regards to the metabolic syndrome participants in the intervention group, the metabolic syndrome numbers decreased 54.6 percent after week 16. In comparison with a previous study, the result of the lifestyle modification on cardiometabolic risks among female obese participants with metabolic syndrome showed that the metabolic syndrome number decreased by 45.2 percent after 24 weeks [17] . Remarkably, our study revealed that the obese women in the intervention group had a 76 percent lower chance of developing metabolic syndrome. These showed that the program greatly effected metabolic syndrome sufferers. Furthermore, most participants in the intervention group who could be followed-up after eight months generally seemed to maintain weight loss of over 7 percent (data not shown), although this was gradually regained. Participants who had achieved over 10 percent of weight loss showed excellent weight maintenance. At present, the challenge for public health professionals is to develop serious and sustainable obesity management methods.
The major limitations of this study include the geographical limitation of the rural areas in Khon Kaen Province. The results may not be able to be generalized to other areas. The MET calculation from physical activity did not use high technology devices and may not have been accurate, although the results indicated changes in the physical activity level. The health profession and professional staff who ran the program could not be blinded to the intervention. The larger scale for the program implementation was unable to expand due to budget and expertise limitation. Therefore, the results should be interpreted carefully.
Since there is still no evidence providing that "efficacy study" of this program is applicable on larger scale and in the "real world" practice, it may be too early or premature to provide any policy recommendation concerning this program.
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